Objectives: this research was conducted to describe the ultrasonic measurements of the foot full measurements (FFM) and their importance in the antenatal care (ANC). Material and methods: the Descriptive quantitative cross-sectional study conducted in the ultrasound department at Alshaekh Mohammed Ali Fadol hospital in Omdurman locality. The study included 400 healthy Sudanese pregnant women whom in the 1st (late), 2nd and 3rd trimesters (i.e., after 10 weeks gestational age) of different parity and ages (15 years old and above); they have regular menstrual cycle and well certain of their last menstrual period and calculated date of delivery. Ultrasonographic measurement of Full Foot Length1 (FFL1), Foot Full Length2 (FFL2), and Foot Full Width (FFW) of all pregnant women were done. Sonographically we measured fetal foot from 14 to 40 weeks of gestation. Results: the study revealed that the mean FFL1 was 58.7 ± 12.9 mm. The minimum measurement was 18.8 mm, and the maximum was 89.1 mm, while the mean value of FFL2 was 53.4 ± 11.4 mm, with minimum value 17.5 mm and maximum 81.7 mm, and the mean FFW was 23.7 ± 5.1 mm, with minimum value 7.0 mm and maximum 38.0 mm. Conclusion: a strongly significant relationships were observed between (FFL1, FFL2, FFW) and gestational age (p = 0.00). However there is no significant difference between the FFL1, FFL2, and correlations with sex of embryo, residence, occupation, parity, maternal height, socioeconomic status, bleeding during this pregnancy, chronic illness, and caesarian section, moreover there are significant correlations between the FFL1, FFL2 and the (maternal age, maHow to cite this paper:
Introduction
Pregnancy (gestation) is the physiologic process of a developing fetus within the maternal body. Several terms are used to define the developmental stage of human conception and the duration of pregnancy [1] .
Rapid and accurate determination of gestational age may be vital to the appropriate of the antenatal care (ANC), pregnant women and improve obstetric care through allowing the optimal timing of necessary interventions and the avoidance of the unexpected evidence. Ultrasound scans are considered to be the most cost-effective, accurate and safe methods for measurement of various fetal parts in pregnant women [2] . Ultrasound gave clinicians a method to measure the fetus and therefore to estimate gestational age [3] .
Fetal biometry is the measurement of the fetus and various segments of the fetal anatomy. Every part of the fetal anatomy may be imaged, these biometric measurements can be used to estimate gestational age and fetal weight, evaluate interval fetal growth, and these measurements may influence antepartum and intrapartum management and may be used to predict pregnancy outcomes. Therefore, biometry is an integral and valuable element of obstetrical practice [4] .
The Role of U/S for pregnant women should be offered an ultrasound scan for the detection of fetal anomalies and pregnancy complications. Many countries routinely offer at least one midtrimester sonogram for this purpose [5] .
A standard obstetrical sonogram in the first trimester includes evaluation of the presence, size, location, and a number of gestational sacs(s). The gestational sac is examined for the presence of yolk sac and embryo/fetus. When an embryo/fetus is detected, it should be measured and cardiac activity should be recorded by 2D video clip or M mode. Use of spectral doppler is discouraged. The uterus, cervix, adnexa, and sac region should be examined [6] . A standard obstetrical sonogram in the second or third trimester includes an evaluation of fetal presentation, amniotic fluid volume, cardiac activity, placental position, fetal biometry, and fetal number, plus an anatomic survey. The maternal cervix and adnexa should be examined as clinically appropriate when tech-Open Journal of Medical Imaging nically feasible [6] . Several anatomical parameters are used in the assessment of gestational age.
In early pregnancy, sonologist can use mean sac diameter (MSD) 0 -7 weeks, crown-rump length (CRL) 9 -13 weeks to assess gestational age. In second and third trimesters, sonologist use four main anatomic parameters; biparietal diameter 13 -40 w/g, femur length 24 -40 w/g, head circumference and abdominal circumference, the traditional biometric parameters have some limitations;
conditions affecting shape of skull like a cranial malformations will affect biparietal diameter (BPD) and head circumference (HC), abdominal conditions (hydrops, severe growth restriction) affect abdominal circumference (AC) and femur length (FL) measurements may be difficult to obtain in deeply engaged breech or may be abnormal in limb dysplasias. In these situations, we need to use other parameters for more estimation of gestational age [7] [8] [9] .
The fetal foot length can be useful parameter because it is easy to assess and measure [7] [8] [9] . In second and third-trimester fetuses, several studies elsewhere, have demonstrated improved age determination by including the CRL and foot length, i.e., heel-toe length, and other parameters of the extremities.
However, foot length in small embryos between 4 -7 weeks (according to Carnegie stages 13 -18) is difficult to define, since the heel and toe have not yet differentiated and appeared only as a foot bud or foot plate.
However, foot bud and foot plate measurements performed on fresh tissue could be an easily acquired measurement to the complement of the Carnegie staging method [10] .
This research was conducted to describe the ultrasonic measurements of the foot full measurements (FFM) and their importance in the antenatal care (ANC).
Materials and Methods

Study Design and Area
This is a descriptive quantitative cross-sectional study, with an aim to assess the sensitivity of fetal foot measurements in order determine gestational age during the period from August 2012 to August 2015.
Study Population and Sampling
The population of the study was healthy Sudanese pregnant women who in the 1st (late), 2nd and 3rd trimesters (after 10 weeks gestational age) of different parities and ages (15 years old and above), they a regular menstrual cycle and certain of their last menstrual period or estimated gestational age and Expected
Date of Delivery (EDD) is calculated by Naegle's rule (is a usual method for determining GA and EDC based on the LMP in which 7 days added and 3 months subtracted) and gestational age was estimated by crown-rump length before 10th weeks (The difference between LMP and ultrasound calculated the gestational age of less than 5 days). 
Equipment
Obstetric ultrasonography was performed on ultrasound machine using 3.5
MHz frequency curvilinear probe. Ultrasound examinations were performed using a Toshiba power Vision 6000 Ultrasound Machine (Tokyo, Japan).
Techniques
Preparations of Pregnant Women
For transabdominal ultrasound, the woman should have a full bladder. To fill her bladder, the woman should drink four glasses of water 0.5 -1 h before the procedure.
Position and Scanning Technique
For transabdominal ultrasound, the woman should lie on the examination bed on her back, with extended or flexed legs. After ultrasonographic gel has been applied to the woman's skin, Transabdominal, the probe is placed longitudinally in the lower lateral quadrant of the abdomen, angled medially to examine the pelvis and lower part of the abdomen in different directions; horizontal (transverse), vertical (sagittal) and oblique scanning planes and adjust the gain to produce the best image. The probe frequency should be at 3.5 -5.0 MHz.
Method of Data Collection and Instrumentation
Data was collected using pre-prepared questionnaire which included:  Maternal age, residence, occupation, parity, date of LMP, anthropometric measurements: weight-height-BMI, socioeconomic status, past medical history.  Also, it included the result of ultrasound measurements (Foot Measurements, BPD, FL, AC and Expected Fetal Weight).
The data was divided into three groups:  Group 1 included late first and early second-trimester pregnancy (13 -19) weeks.  Group 3 included third-trimester pregnancy (28-until term) weeks.
Statistical Analysis
Statistical analysis was performed in the pool data using the. ( 
Ethical Consideration
Diagnostic ultrasound studies of the fetus are considered safe during pregnancy.
This diagnostic procedure should be performed only when there is a valid medical indication, and the lowest possible ultrasonic exposure setting was used to gain the necessary diagnostic information. Exposure was kept as low as reasonably achievable (ALARA).
Ethical aspects were carefully considered at the time of these studies as:
1) The study was approved by the ethical committee of al-Ribat University.
2) Permission was taken from the Ministry of Health, Khartoum state.
3) Permission was taken from the head of the radiology and imaging of Alshaekh Mohammed Ali Fadol Hospital, Omdurman to perform the study.
4) Informed and verbal consent was obtained from each pregnant woman be-
fore subjecting her in the study.
Results
The study was conducted in 400 pregnant women between 14 to 40 weeks of gestation, attending at OPD for 2nd and 3rd-trimester routine checkups, in the department of Ultrasound, Alshaekh Mohammed Ali Fadol hospital, Omdurman area, Sudan. Measurements were taken using the sonographic technique.
Maternal data was collected such as age, occupation, weight, and height, and recorded in prepared data collection sheet. Fetal biometrics such as biparietal diameter, head circumference, abdominal circumference, femoral length and fetal foot measurements (fetal foot length 1, fetal foot length 2, and fetal width) has been calculated. The study showed that the earliest age at which fetal foot measurements (fetal foot length 1, fetal foot length 2, and fetal width) could be seen sonographically was found to be in 14 weeks of gestation, Maximum num- 
Discussion
Assessment of fetal age and growth constitutes an important clinical problem Open Journal of Medical Imaging [11] . Regarding maternal age range between (14 -44 years), 50.0% of the respondents were belong to the maternal age that in between 25 -34 years, 40.3% of the respondents belong to the maternal age in between 15 -24, 08.5% of the respondents belong to the maternal age in between 35 -44 and 01.3% of the respondents belong to the maternal unknown age (Figure 1 ).
This depicts that 58.5% have multigravida (parity type), 32.0% have primagravida, 8.3% have grandmultipra and only 1.3% have unknown parity (Figure 2 ). Results showed that 81.5% of the respondents were belonging to the urban areas, while 13.5% of the respondents belong to the rural areas and 5.0% of the respondents belong to the unknown areas (Figure 4) . Data also illustrated that 87.8% of the respondents were housewives, whereas 6.3% of the respondents were students, while 3.3% of the respondents were workers and only 2.8% of the respondents were unknown in their occupation status ( Figure 5 ).
Depicts that 54.8% of the respondents/subjects are belong to the lower class followed by medium class 16.6% of the respondents, 54.8% of the subjects belonged to the unknown class and only 3.0% and 54.8% of the respondents/subjects belongs to the high class ( Figure 6 ). Table 1 ).
Depicts that 52.5% have female sex of embryo and 45.3% have male sex of embryo and only 2.3% have unknown sex (Figure 7 ).
The cronbach's alpha analysis for reliability and validity showed that the reliability of the GA, FFL1, FFL2, and FFW was 90.2, and validity was 95.0. The reliability of the GA was 89.9 and validity was 94.8, while the reliability of the FFL1 was 83.3 and validity was 91.3, the reliability of the FFL2 was 81.8 and validity was 90.5, and the reliability of the FFW was 90.1% and validity was 95.0 (Table 2 ). 
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The mean values and standard deviation of fetal biometric. The mean GA is (31.5 ± 5.3 mm), Std. Error of mean was (0. 26 mm), with minimum (14.0 mm) and maximum (40.0 mm), the mean BPD is (78.4 ± 12.2 mm), Std. Error of mean was (0. 61 mm), with minimum (31.3 mm) and maximum (101.3 mm). The mean HC was (28.0 ± 4.2 mm), Std. Error of mean was (0.22 mm), with minimum (14.8 mm) and maximum (36.4 mm), the mean HA was (62.9 ± 17.5 mm), Std. Error of mean was (0.90 mm), with minimum (17.4 mm) and maximum (101.0 mm), the mean AC was (26.6 ± 4.9 mm), Std. Error of mean was (0.25 mm), with minimum (12.4 mm) and maximum (36.5 mm), the mean AA is (58.1 ± 20.0 mm), Std. Error of mean was (1.00 mm), with minimum (12.1 mm) and maximum (106.0 mm), the mean FL is (59.8 ± 12.1 mm), Std. Error of mean was (0.61 mm), with minimum (20.2 mm) and maximum (80.3 mm), the mean FFL1 was (58.693 ± 12.8706 mm), Std. Error of mean was (0.64 mm), with minimum (18.8 mm) and maximum (89.1 mm), the mean FFL2 was (53.4 ± 11.4 mm), Std. Error of mean was (0.57 mm), with minimum (17.5 mm) and maximum (81.7 mm), the mean FFW was (23.7 ± 5.1 mm), Std. Error of mean was (0.25 mm), with minimum (7.0 mm) and maximum (38.0 mm), the mean FFW was (1858.6 ± 814.9 gm), Std. Error of mean was (40.8/g), with minimum (245.1/g) and maximum (3954.4/g) ( Table 3 ). In the present study, we compared elicited results with the outcome of ultrasound and morphological examinations: The high correlations between the studied fetal foot measurements (FL1, FFL2, and FFW) and GA indicated that the growth increase existed in different ranges in all of the evaluated growth parameters (Table 3) . FFL1 is a measurement between the end of the big toe and the heel in the planter surface of the foot, FFL2 is a measurement between the end of the little toe and the heel in the plantar surface of the foot, and FFW is a measurement in the widest area of the planter surface of the foot at the base of metatarsal bones, no differ significantly in the left and right limb [11] .
Rajeev Mukhia et al. [12] previously studied foot length and its relationship to GA by ultrasonography. They suggested that there is a good correlation between foot length and GA.
Vishram Singh et al. [13] studied the relationship between foot length and GA; they stated that with an ultrasonic determination of foot length, the foot length is a good marker for gestational age and can be used in cases who are not sure about their LMP. In the present study FFL1 showed good correlation with gestational age with correlation coefficient 0.828 with p < 0.0001, FFL2 showed good correlation with gestational age with correlation coefficient 0.817 with p < 0.0001, and FFW showed good correlation with gestational age with correlation coefficient 0.720 with p < 0.0001. Pandey V D et al. [14] in 2015 conducted their study in 100 pregnant women between 15 to 36 weeks of gestation in 2nd and 3rd trimesters , their study is a comprehensive study in North India demonstrated a strong correlation on comparison of linear regression of foot length versus gestational age with correlation coefficient (r = 0.960, p < 0.001) which is comparatively much higher than the FFL1 in the present study has showing correlation coefficient (r = 0.828, p < 0.001). Although both studies were consistent, with the mean foot length (17.5 ± 1.29) in 15 weeks and mean sonographic foot length at 36 weeks of gestation (64.4 ± 3.28) which was closely related to the present study in which the mean FFL1 was. 24.60 in 15 week and mean sonographic FFL1 at 36 weeks of gestation is 67.00 ± 7.58, with the equation relationship between fetal foot length and gestational age was y = 7.130 ± 0.503x which was comparatively related to the observed equation in the present study (y = 11.7 ± 0.34), where y = gestational age in week and x = FFL1 in mm.
Joshi et al. [7] found a significant correlation between fetal foot length and gestational age (r = 0.970, p = 0.0001) and between fetal foot length and femur length (r = 0.980, p = 0.000) in 779 pregnant women between 15 to 40 weeks of gestation in Nepalese Context. However in the present study correlation coefficient between FFL1 and gestational age (r = 0.828, p < 0.0001) and between FFL1 and femur length (r = 0.915, p < 0.0001) was found. The variation in values in our study was lower or higher due to significant racial and socioeconomic differences between individuals of the present study and that of previous studies such as the comparison between the values of FFL1 of present study with previous studies done by Pandey V D et al. [14] , Rajesh Bardale et al. [15] , Shripad Hebbar et al. [8] , Andrzej et al. [13] and Joshi et al. [7] .
Andrzej Bulandra et al. [16] found that value correlation index between foot length and femur length were 0.91 and between foot length and fetal age were 0.94 in 117 aborted human fetuses. Out of these 59 are males and 58 are females aged from 13 to 33 weeks of gestation. In these studies no significant differences Open Journal of Medical Imaging were observed between sex type and between right or left side measurements. However his results are generally in close agreement with FFL1 in our study in which we observed no significant correlation between the sex of embryo and FFL1, (Pearson Correlation is −0.025 and 2-tailed is 0.617).
The data of the present study is in accordance with those conducted by Rajesh
Bardale MD et al. [15] how analyzed the measurements of foot length applicability in fetal age assessment. Such authors examined 123 fetal foot that aged 12 -40 weeks and foot length revealed high correlation with gestational age (r = 0.975, p < 0.0001). Furthermore Shripad Hebbar et al. [8] concluded that the normal developing fetus, the foot length increases with advancing gestational age. A longitudinal study was taken in 2013 in which authors were examined 50 manipalian patients, starting from 16 weeks till term. The mean age of patients that were studied was 24.7 years, 36% of them were primagravida. That means, the data demonstrated strong correlation on comparison of linear regression of foot length versus gestational age with correlation coefficient (r = 0.97, p < 0.001) which is comparatively much higher than the FFL1 that detected in the present which showed correlation coefficient (r = 0.828, p < 0.0001) although both sets of studies were consistent, with the equation relationship between fetal foot length and gestational age was y = 14.02 ± 2.36x which was comparatively related to the observed equation in the present study (y = 11.7 ± 0.34), where y = GA in week and x = FFL1 in mm.
Jowita Woźniak et al. [11] Regression model formed on the basis of direct measurements on autopsy material differs significantly from the ultrasound models, which make own study more reliable.
Lutterodt et al. [10] in 2009 conducted a study in 154 pregnant women age 18 years in first-trimester (Caucasian origin, and a few were of African origin). All women lived in the area of Copenhagen, Denmark. Embryonic age was evaluated by vaginal ultrasound measurements and by post-termination foot length that demonstrated a correlation foot length linearly to embryonic and fetal age.
These data was unaffected by gender, environmental tobacco smoke, maternal smoking and alcohol consumption factors. When comparing the results of the FFL1 in the present study with that of previous workers the present study was concordant with that of previous studies.
Meirowitz et al. [9] in 2000 conducted a large-scale ultrasound examination of foot length on 5372 singleton fetuses between 15 and 37 weeks of gestation. They observed that fetal foot length was a reliable predictor of gestational age even in reading extremes of fetal growth. However in fetuses with growth abnormalities, fetal foot length can affect measurement of the fetal foot and incorporates both soft tissue and bone. Soft tissue stores of subcutaneous fat are reduced in cases of growth restriction and increased in situations of accelerated growth. Therefore it makes sense that fetal foot length is relatively smaller in the SGA fetus and larger in the LGA fetus.
Moawia et al. [17] in 2014 studied 100 cases with 81 multiparous and 19 nulliparous, the maternal age ranged between 15 and 45 years. Comparison of mean values of foot lengths was possible with the present study. They compared favorably with each other R2 values in both these studies are high indicating a strong relation between gestational age and foot length; 0.94 and 0.828, respectively, for Moawia's study and the present study. A P value obtained from both studies is less than 0.05 (less than 0.001 for Moawia's study and less than 0.001 in the present study) which is statistically significant. Standard error of regression coefficient was 0.144 in Moawia's study and 0.069 in the present study. Both these values are statistically significant. Available literature did not provide FFL2 which was the aim of the survey. Our results suggested that the measurements of fetal foot measurements with ultrasound are a reliable assessment of anatomical fetal foot length and highly correlated to the menstrual age of the fetus.
In the present study, strong associations of the different fetal growth parameters showed the importance of these fetal measurements in the assessment of GA, and it might be widely applicable for further investigation purposes. Though the mean foot measurements of all the above studies showed there was a positive linear relationship between foot measurements and gestational age. The correlation coefficient (R-value) of foot measurements and gestational age was different in different studies. Never the less foot measurements were correlated well at least with one or many anthropometric measurements. However the use of fetal foot measurements for gestational age assessment has limitations particularly in fetuses with growth abnormalities.
In the present study, strong correlations between the fetal foot measurements and fetal weight. The most precise means of estimating FW was (1858.57 gm.), the model that include FFL1 alone (1859.75 gm).
The most precise means of estimating FW was (1858.57 gm) comparing with the model that include FFL2 alone (1859.74 gm).
The most precise means of estimating FW was (1858.57 gm), the model that include FFL1 alone (1859.07 gm).
